Introduction
Notwithstanding the fact that nitrogen occupies a unique position in plant metabolism, our knowledge concerning the processes of absorption, synthesis or ultimate disposition of its compounds in the metabolic cycle of the higher plants is very limited.
The various groups of the complex combinations which nitrogen is capable of forming may have quite different physiological functions and, accordingly, as SPOEHR and McGEE (23) have already emphasized, it is improbable that a rational conception of the function of nitrogen in the higher plants can ever be obtained without further studies of the physiological ro'le of its various groups. Thus, a knowledge of the part these groups play and the extent to which their reactivity can be controlled are questions that must be solved before the problems of growth, reproduction and movement can be solved.
Owing to the very large number and complexity of the compounds which nitrogen forms, the separation and identification of its various groups or compounds are beset with difficulties; but the advances made in the chemistry of proteins have paved the way for an approach to investigations on nitrogen metabolism that were not available to the older workers in this field (9) .
The possibilities which lie in the acquisition of greater knowledge of these weighty problems by the more modern method of approach are indicated by Chibnall's (2) studies on the distribution of nitrogen in the leaves of the Runner Bean (Phaseolus vulgaris) throughout a vegetative cycle; but no investigations have been reported on the distribution or partition of nitrogen in the tissues of fruit trees throughout a cycle.
The present studies were undertaken for the purpose of obtaining data that might give an insight into the transformations taking place, as measured by the nitrogen fractions soluble in water, at the different vegetative periods throughout a year's cycle. When the possibilities and limitations of such studies are known it should then be possible to determine to what extent such information might be utilized, more especially in relation to the problems of growth and reproduction. The problem necessarily involves the simultineous study of the validity of methods.
A. THE EFFECT OF TEMPERATURE OF DESICCATION ON THE WATER-SOLUBLE NITROGENOUS CONSTITUENTS
As the nature of the problem necessitated the accumulation of samples for subsequent analyses, prevention of enzymatic activity as soon as possible after the samples are collected is essential. Preservation by means of alcohol is undesirable because of its precipitating effect on the proteins. Freezing also produces marked changes in some plants (27) . The available evidence indicates that inactivation of proteolysis 'by dehydration by drying probably causes less changes in the tissues than any of the methods at present in use. The question of the optimum temperature at which autolytic changes are reduced to a minimum has received attention recently by TOTTINGHAM, SCHULZ and LEPKOVSKY (27) and by LINK and SCHULZ (17) .
These papers and also a paper by CHIBNALL (3) contain a discussion (with references) of the temperatures adopted by previous investigators for the desiccation of the tissues of various plants. None of the earlier workers appear to have made any investigation into the effects of temperature on the composition of the plants under experiment.
Although CHIBNALL (3) found, in the case of the leaves of the Runner Bean, that low-temperature drying in a closed oven at 40-50°C. entailed protein autolysis, causing an increase in ammonium salts, asparagine and amino acids, the American investigators (17, 27) , under the conditions adopted by them, found that the greatest changes produced either by rapid drying or freezing resulted from the coagulation of soluble proteins. Coagulation was greatest at high temperatures; at low temperatures (32-40°C.) both coagulation and proteolytic changes seemed to occur.
Experimental
The material used for this investigation was obtained from Stayman Winesap apple trees 15 years old growing in the College orchard. Samples of leaves and new shoot growth were collected in the early part of a July morning when active growth was in progress.
TEMPERATURES ADOPTED IN THIS INVESTIGATION
The experiences of previous investigators (17, 27) that very high and very low temperatures are to be avoided, minimum changes occurring at "intermediate" temperatures (50-70°C.), afford a sufficient basis for the selection of the three temperatures, 50, 60 and 700 C., for the determination of the optimum temperature causing minimum proteolytic changes in the water-soluble nitrogenous constituents of the species under investigation.
At 50 and 600 C. desiccation was carried out in ordinary Freas ventilated ovens. Drying at 700 C. was accomplished in wire bottom trays in a drying closet heated by steam coils. To further restrict the possibility of enzymatic activity the moisture content was reduced to 0.5 per cent. by transference to a vacuum oven for eight hours after the samples had been ground. The samples were preserved in glass stoppered sealed bottles. A month elapsed before analytical work was commenced on the dried samples.
PREPARATION OF SAMPLES FOR ANALYSIS
The removal of the vacuole and colloidal cytoplasmic cell contents from the fresh leaves was readily accomplished by means of a Nixtamal mill (19) which readily disintegrates the cells of succulent plant materials after two or three passages through the mill. However, the disintegration of the cells of the refractory woody shoot growth could not be accomplished by this means. This was finally effected by the laborious process of alternate passage through an Enterprise mill and mincing by hand and afterwards macerating with quartz sand in the manner to be described later. The dried material was easily ground by a method previously described (26) .
METHOD OF EXTRACTION OF THE SOLUBLE NITROGENOUS CONSTITUENTS: DIRECT
METHOD VERSUS CHIBNALL'S PROCEDURE TOTTINGHAM, SCHULZ and LEPKOVSKY (10c. cit.) found the direct extraction with water to be a satisfactory method for partitioning the products of the nitrogenous constituents of barberry and sugar beet leaves. Water enabled them to extract the greater part of the proteins exposed by erushing the cells of the fresh tissues, the direct method compared with CHIBNALL'S (4, 5) giving somewhat higher values for total water-soluble nitrogen.
Comparison of the direct method wilth CHIBNALL'S method by the writer on apple leaves indicated that only two-thirds as much protein N and nonprotein N were found in the extracts obtained by the latter method. These results would indicate that the modifying action of the cytolytic agent (ether) in CHIBNALL'S procedure is of greater influence than the postmortem changes due to the "setting" of the cytoplasm into a gel (6).
All extractions were made by grinding 50 to 100 gm. of the material in a mortar with water (about 200-300 cc.) containing 20 cc. of 2 per cent. phenol. The brownish red extract was decanted on a filter of paper pulp, using a Buchner funnel, and the residue, after washing with water, again transferred to the mortar for further grinding. The process of filtering and grinding was repeated until microscopic examination showed that 85-90 per cent. of the cells were broken up. All samples were made up to a volume of 2,200 cc. and covered with a layer of toluene.
METHODS OF ANALYSIS
The methods of determining the various fractions will be given in detail in the third paper of this series in connection with the partition experiments. (27) , indicate that the higher the temperature (within limits) the greater becomes its influence on the coagulation of soluble proteins. In the case of the woody branch growth this appears to be accompanied by greater proteolytic changes at the lowest temperature (500 C.), a possible explanation of which is the longer time required for the desiccation of ligneous tissues.
It is apparent, however, that desiccation of the tissues of this plant species, which is low in water-soluble nitrogen, under the temperature conditions described, does not greatly change the proportions of total watersoluble N and non-protein N and that the changes in the ammonia N and amide :N are not, except in the woody tissues, much greater than the error of determination. The optimum temperature appears to be around 600 C. (28) have shown the advantage of doing so. The water-soluble protein in the plant species under investigation is, as we have seen, quite low; nevertheless, apart from the desirability of having some knowledge concerning its amount and fluctuations during the vegetative cycle, positive evidence was obtained that the removal of the soluble protein by the method to be described herein enabled more consistent results to be obtained in the estimation of the several non-protein fractions with which these metabolism investigations are mainly concerned.
The objective is to effect the separation with the removal of as little as possible of the intermediate products of protein degradation; but whether any reagent accomplishes the complete exclusion of all products which are only a little below the original proteins in their complexity from the protein-separates is doubtful.
NOTES ON THE REAGENTS USED IN THIS INVESTIGATION
Since STUTZER (25) proposed copper hydroxide for the removal of "peptides" from the "amide N," a number of reagents, such as methyl alcohol, acetic acid, trichloroacetic acid, phosphotungstic acid, tannic acid, and colloidal ferric hydroxide, have been used for the separation of the "protein" from the "non-protein" constituents, and, unfortunately, the evidence points to the conclusion that a reagent satisfactory for one kind of biological material may be unsuitable for another.
HART and BENTLEY (13) have shown that STUTZER'S reagent may not, in all cases, effect a complete separation of all protein and polypeptide structures from amines and amides, for, although the copper salts of a number of di-, tri-, and tetra-peptides have been prepared, having the formula (peptide), :Cu (16), not all peptides may form insoluble copper salts under the conditions usually adopted for the precipitation. From the standpoint of the present investigations the chief objection to the use of copper salts is that under the conditions adopted they form insoluble copper compounds with certain amino acids.
BLISH (1), working on wheat flour extracts, following a suggestion by OSBORNE and LEAVENWORTH (20), obtained very nearly complete separation. He treated the extracts with 0.1 N NaOH followed by 0.1 N CuSO4 until the latter was only in slight excess of the equivalent required. Although his precipitates were free from amino groups, evidence was presented that peptide linkings of unknown nature but of less complexity than true proteins were still present in small amounts in the filtrates.
Both acetic acid and trichloroacetic acid are used by a large number of investigators both in the animal and plant physiological fields. The use of the latter was proposed by GREENWALD (11) because of its easy solubility, its ready volatility and its non-solvent action on proteins when used in excess. It is claimed that it does not precipitate either the proteoses or the peptones (12) , although the results obtained in this investigation are inexplicable on this basis.
Colloidal ferric hydroxide was first introduced by RONA and MICHAELIS (22) , since which time it has received more favor as a precipitant for blood protein than possibly any other reagent. The evidence presented by CLEMENTI (8) and also by VAN (29) indicates that this reagent precipitates none of the amino acids; the latter also found that it precipitates none of the intermediary products up to the proteoses and none of these except some of complexity but little below that of the original proteins. Moreover, since the present investigations were completed, FODOR and REIFENBERG (10) have shown that the proteins adsorbed by the ferric hydroxide gel can be recovered completely by eluatning the residuum with NaOH.
Mercuric salts have the advantage that they remove all pigments, giving colorless solutions; but the excess of mercury is not conveniently and easily removed. Like copper they also precipitate polypeptides.
Experimental
The effects of four of these reagents on the nitrogenous constituents of the water extracts of the leaves of Pyrus Malus were examined. The technique of precipitating the soluble proteins with the various reagents was as follows: Acetic acid and trichloroacetic acid.-The extract (2,000 cc.), after the addition of 10 cc. of 10 per cent. acetic acid or of 25 cc. of a 10 per cent. solution of trichloroacetic acid, was heated to boiling and boiled one to two minutes. The coagulum was separated by a fluted filter paper, washed with 100 cc. hot water, and made up to the original volume.
Copper hydroxide.-To the extract, measuring about 2,000 cc. in a 4 liter flask, was added 400 cc. of a freshly made-up solution of 0.2 N NaOH, followed by 400 cc. of 0.2 N CUS04. Ten cc. portions of the 0.7 N CuSO, were then added, and after each addition the extract was well shaken and the precipitate allowed to subside. The copper-protein precipitate was removed by filtration and washed with water.
Colloidatl ferric hydroxide.-Merck 's colloidal ferric hydroxide was used. The extracts were brought just to the boiling point, when an excess of the reagent, determined by examining the filtrates for freedom from proteins, is added. In the present experiments 5-6 cc. is sufficient. The extracts were then brought to the neutral point and the boiling continued for one or two minutes. In partition experiments of the nature to be described, it is necessary to remove the excess of iron by the addition of MgSO4 or some other salt of high coagulating power. From 0.5 to 1.0 cc. of a saturated solution of this salt is sufficient to produce coagulation of the iron gel. The precipitate of protein-ferric hydroxide gel is separated by filtration, the precipitate washed, and the filtrate made up to the original volume.
DETERMINATION OF WATER-SOLUBLE PROTEIN NITROGEN
In all cases the protein N was determined by difference between the nonprotein N and the total water-soluble N. The large fluted filter necessary for the filtering required too large a blank to enable the small amount of protein to be determined directly with any degree of accuracy.
In 
QUALITATIVE TESTS ON THE FILTRATES FROM THE VARIOUS PRECIPITATING

REAGENTS
The filtrates from the various reagents used for removing the proteins were subjected to the biuret, AMillon and Adamkiewicz reactions. Such tests serve as a general guide, but caution must be used in drawing conclusions, for, as MOLISCH (18) has pointed out, the blue color of the biuret test is given also by certain carbohydrates and a number of aliphatic acids; hence, the test is not specific for proteins and the -NH2 -CO -CO -NUHRgroups. Neither can the Millon test be regarded as specific for the tyrosine and tryptophane groups of proteins, because it is also given by phenol, salicvlic acid and other substances containing a monohydroxybenzene nucleus, upon the presence of which the test for proteins depends. The biuret test is best carried out by the method of KANTOR and GIES (15), who describe the preparation of a stable biuret reagent which is more sensitive than the classical method of application. The Adamkiewicz reaction was found in the present investigation to be more sensitive if the solution to be tested is concentrated almost to dryness in vacuo, followed by extraction with glacial acetic acid and concentrated HCl and not concentrated H2SO4 as usually recommended.
Some investigators (10) use SPIEGLER and ESSBACH's reactions to differentiate the derived from the non-derived proteins (i.e., the simple and conjugate proteins free from their hydrolytic products). However, it is questionable (14) if these reagents are specific.
One of the difficulties encountered in applying such tests to plant extracts is the difficulty in removing all pigments present without also removing some-of the products to be tested. The present tests were made on carbon black-treated extracts, which were concentrated in vacuo after filtering.
The results are conveniently shown in table IV. (21) . This same test shows that the other reagents have not removed peptides and the inter' mediate products. The colloidal ferric hydroxide gel contains the lowest amount of nitrogen and the highest quantity of amino N. The presence of proteose N in the filtrates from the colloidal iron treatment may be objectionable from the standpoint of its influence on the determination of amide N, because of the possible error in the determination of amide N in the process of hydrolyzing the extracts. This was not investigated further because the amounts present are so small that the effect on the analytical results would be insignificant. The evidence to be presented in the third paper of this series shows clearly that all filtrates contain the CONH groupings.
Colloidal ferric hydroxide, then, is admirably suited for the separation of true proteins from solution because: (1) It is more convenient and expeditious; (2) it permits all the amino acids to go through, occluding and precipitating none; (3) it effects sharp separation of true protein from its decomposition products; and (4) the adsorbed proteins can be recovered quantitatively from the residuum.
Summary
Desiccation of the leaves and new wood growth from apple trees at 500, 60°or 70°C. has no effect on the total nitrogen; but relatively small decreases in the soluble cytoplasmic proteins, and increases in the non-protein constituents, occur through drying. Considering the effect of temperature on both coagulation and proteolysis, it would appear that a temperature of 600 C. is the optimum for the desiccation of the tissues of this species, which belongs to the type of plants that are low in water-soluble protein nitrogen.
Colloidal ferric hydroxide has many advantages over the reagents in general use for the separation of the simple and conjugate proteins from their hydrolytic products. Reasons for this choice are given.
